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A B ST R A C T
Thelnte r a n n ualv a ria七io n B a nd de cr e a s e ofriv e r r un off dr aininginto the lake Balkha gh ba sin, in
CerltralAsia ar einv e stigatedby u sing m ete or ol gicala ndhydrologl Cal data ove rlo ngte r mperiod･
At 且r8t, it i白 fou nd that an ap pa r e nt in crea seOf de crea s etre ndis n ot 8 e e nin the inte r a n nu al
v ariabilty of the m ete or olgic alelem entsin thebasin . Next, inte r a n n ualv a ria七io n 白 Ofthe a n n u al m e a n
ru n off in the river日 a r ein v e stigated by the diffe r e n c eintegral c u r v e s. Fr o m this a n alyBi8, it iB
determin ed that alo w flo w period begin sin 19 78 in the lli-riv e r a ndin 19 73 inthe e a 白te r nriv er s,
r e spe ctiv ely.
Fin ally, theC ha r a cteristics of theintegr alcu rv es ofr un offin tlle r u n offgro wing s e a so n(fro m Apr･ to
Sep.) a nd n o n- grow ing 8ea 80n (fr o 皿 Oct. to M a r.) of entir eperiod ar einv estiga七ed co n c e rning the 3
8 eCtio n 8 0fthe up pe r, middle a ndlo w e r r e a ch ofthe lli･ riv er.T hefollowing re s ults a r e Obtain ed･ (i)T he
m e a n r u n offof the n o n-gro wing s e a so n at the 3 s e ctio n ha s r e m ain ed virtual1y un ch anged e ntir e
period.(2)T hela rge stdec re a se ofru n offgr o wing pe riod ofthell･ riv erha s o c cu rr edin the mi dle and
lo w e r r e a che s
,
r e spe ctiv ely. The s e a m ou ntingto 4 4 %, 45 %of m e a n r un offofthe gr o wing se as o nbefor e
19 69
,
r e 8peCtiv ely. Als othe effe ctof h､ 皿 a n a ctivityi8 r eSpO n Sible for 58 %, 6 0 %, r e spe ctiv ely.
Thi8 Studyha squ a ntitatively m ade cle a rthatthe m ain r e a s on ofthe ap pare nt de cr e a s e Ofthe ru n ou
ofthelli･ riveri8deriv ed血o n the hu m a n a ctivity.
m R O DtJC TI O N
TheLake B al kha s ba sini8 O n e Ofthela rgestinte r n aldr ain agelo c atedin the a rida nd 8emi･
ari dregio n ofin Ce ntral A8ia ･ Itc o v e rs413,00 km
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N. 85% and 15 %of dr ain age a rein the r epublic of Ka zahksta n a nd in P･ RI
C hin a
,
r e spe ctiv ely.
T he m ajo r riv e r sdraininginto the lake Balkha sh ba sin ar elli, Ka r a七al, Ak8u, Lepcy a nd
Ayagu 2i(Fig.1). T helatte rfou ra r edr aining fro m e a stpa rt ofthe Lake , which a re r efr r edto a s
e a st riv e r sin th is Study. T he s eriv ers ar e origina七ed fro m the K hrebet Dzhu nga r skiy Alata u
m o untainslo c ated in the n o rth- e a stpartoftheba sin a nd fro 皿the Tie n
- Sha m m oll ntain Blo c ated in
the 8 0 uth･ e a BtPa rtOf theba sin(Fig.1).T helo wla ndpa rts oftheba sin s 0fthe s eriv e rs a re r egio n s 0f
ru n offutiliz atio n o rdissipatio nbe cau s e oflo s 8C Sthro ughe v apo r atio n a ndin丘1tr atio ninto the 8 0il･
Ac c o rding to thein v e stigations of Sidhiko v∫.S etal･,(199 2)a nd Kader et all(1996),the s u rfa c e
w ate r re s o u rc e s of the e a st riv ers a r e e stim ated at 6.4km 3/ye a r a nd ofthell･ riv e ris e stim ated at
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17.4 km 3/ye a r. respectiv ely. T helatte r a c co u nt8 for the 730 %ofthe total8 ur魚c einflo winto the
lake .T hetotalw ate r re s o u r ce 8 0fthelakeBalkha 8hba sinin the zo n e of ru n offfor m atio n a m ollntto
23.8 km 3/ye a l1. Gr o u nd w ate rin flo wis n ot 80in 8igni丘c a nt･ Ac c o rdingto Ka w abata and T8 ukata ni
(1996),itdo e s n ote ‡ce ed 0.l･0.3 %ofthe s u血 c e w ate r r e s o u rc e 畠･
Wate r r e 8 011r Ce S a re m ainly llSed fo rtheirrigatio n, indu stry, w ate r s up plyto populated a r e a s,
a ndthe 丘shingindu stry. Acc o rdingto Fuku shim a(1993),theinte r a n n u alv ariability ofthein c re a se
ofir rigated a re a sin thelast2 0ye a r s a re e stim ated a sfo11o w･
Table.1
Ye a r
Irriga.teda re a sOi m2)
1966 1970 1975 19 8 0 19 8 4
3639 4288 4638 5259 5596
By a n alyei8 0fthe pre cipitatio n, s u rfa c ein且o w into the18.ke, and w ate rle v elofthelakein the
pe riod befo r e1969, Eudrin a nd Rubin o vich(19 7 6)a ndZhirkevich(1972)c a m etothe c o n clu sio nthat
despite thedev elop m e nt ofir rigatio n a nd othe rtype 畠Of w ater us ein the ba sinin th is c e ntu ry,the
obse rv ed hydrologlC 8 e rie s for 1969c a n be take n a sthe n atu ral co nditio n sin the 丘rst
ap pr o xim atio n. T he 丘11ing ofthe壬【apchagay r es erv oir h 1970pr odu c ed a dr a stic cha nge ofthe
n attlralr egim e ofthelh･ riv e r a nd Lake B al k haB (Eudrin R.D et al.,1976;Sidhiko v .a. S et al.,
1992;Y ang a nd C ha o,1993)･Befo r e1970,the nu ctuation s ofthe hydr ologicbudget a nd le v el ofthe
lake w e re m ainlydete rmin ed by clim aticfa cto r s(e･g., pr e cipitatio n a ndte mpe r atu r e)a s w ella 8by
the cha ngeLOflo s8 e S Ofw ate rin thelli- riv e rdelta which is a s so ciated withthe developm e nt of its
chann eln etw o rk(Eudrin, R Det al.,1976). Be ca tlS e Ofthe obse rv ed lo w no w, the o v er ･ developm e nt
ofizTigation, a ndthe co n str u ctio n ofthe Eapchagay r e s e r v oir, the cha nge sin the rtlnOffofthelh･
riv e rha ve be c o m e n o pepr o n o u n c ed a nd ha v eled to adr opin thele v elofthe Lake B al k ha s by
ap pr oxim ately2.66m s血c e1970.
Se v e ralpr e vio u8 Studie sde v otedto w ate rlev el flu ctu atio n s, w ate rbala n ce ofthelake Bal kha 8b,
for e c a st ofthe ch angein the hydr ologicbndget u sing clim atic a.nd ru n oぼdata o nthe mi ddle o r
lo w e r re a ch of thelli- riv e r･ tlo w e v e r, the r e a r ef w 8tudie 8 Which in v e stigated the inte ra n n u al
v ariatio n ofa n n u al/m o nth 1y ru n ofEat the v ario u sgag glng StatiollBin the zo n e of ru n off fo r m atio n
a nd in the zo n e of118 e Of w ate r reso ur ce sin the ba sin, e spe cially r elated v a riatio n ofthe ru n off
dtlringthe growing 8 e a 8 0 n(fro mApr. to Sep.)o r R o n-gr owing 8e a 80 n(fro m Oct. to M ar .).
The pu rpo8 e Ofthe pr e s e ntpaper is to a naly乞e Pre cipitatio n, air te mpe r atu r e a nd hydrologlC
datain theLakeBalkha 8h ba sin ･ E8Pe Cial 1y, thein v e stigatio n refr sto v a rio u sga 緒1ng Station sin
the up pe r･ mi ddle a nd lo w e r re a che s 0fthell･ riv e r･ Spe cial atte ntio ni8 Pai dto the compariso n
a m o ng ru n off in the se rea che s, c o n c e r ningtheinte r a n n u al v ariatio n, a n n u al ru n offa nd ru noffof
gr owl ng Se a s o n a nd on-gr owing s e a s o n･ T he com paris o niB m ade betw e e n 皿 e a n ru n Offo v ef
follo wing period=(1)a n atu ral o r co nditio n ally n attl ralr egiln e;(2)a m odi丘ed r egim e of i皿ten 8iv e
de v elop m e nt ofi migatio n.
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Fig.1 M ap of Lake Balkha sh ba sin in Ce ntr al Asia, c r e ated by the Tわpogr aphic m ap(Scale;1‥
5000,000)produ c edbythedefe n s eM appingAge n cyAe r o spa ce C e nte rin U S A･
Thelo ng･te r m a n n u al/m o nthly pr ecipitatio n a nd airte mpe r atu re a re calct1a七ed withthedata o
f
GH C N(Glob al H i6tO ric al Climtolog yNetw o rk) of C DIA C(Ca rbon Dio由de lnfo叩 atio n
An alysis
ce nte r)in U S Aalo ng withthe data of RI H M I
- W D C(Re s e a rch ln stitute of Eydr o･ m eteo rologieal
Iヮfor m atio n
- Wo rld Data Ce nter)in Fo r m e rU S S R･
In addit o n ,thefollowingriv e rdi8Cha r由data a r eus ed in this study:
● An nual/m o nthly r u n ofFdata ofthe17 1 kn,37 kn a nd U8hja r m agagging 8tatio n 8lo c ated in
the tip pe r a nd lo w e r re a che s ofthe Kapchagay re se rv oir a ndthe delta oft
he lli- riv e r a r e
a vai1able during 196 6
- 1 992
,
191 卜1986,194 9- 1986, r e spe ctiv ely . Als o, a n n ual/m o nthly
runoff data of the Ka r atal, A ks u, Lepcy a nd Ay且gu 耳 riv e r8 ar e a vai lable fr o m 1924to
1986.T he s edata a repr ovided by DrsI J･Dostaye v a nd A･AI Tbr 昌u n O V Of In stitute o
f
ge ography, Ea z ah k8tan Ac ade my of Scien ce s)･
● An 71 ual/m o nthly ru n off data ofthe %ke s, Ku n e 8 and Ea she riv e rs ofthe up pe r r e a ch of the
lli- riv e r andthe Ya m ate g 喝glng Statio nin the lli
･ riv e r a r e obs e rv ed abo utfr o m 19 54to
1 990 by X injia ng ge n e ral hydr o metric statio nin C hirLa･
T he r elatio n shipbetw ee n r u n off data at the Ya m ate a nd 37 kngag gl ng Sta
tio n ofthelli･ riv e r
qig. 1)fro m 1 9 54 to 1969 isin v estigatedto r e co n str u ct the data s erie s of
the a n n tl al discha rge
ofthe Ya m ate fr o m1911to1954, T he co r relatio n c o eFICients R a nd standa rd e r r o r∂, ofar e
e 8tim atedt. be0.95 , ±2 3.1 m
3/s e e,respe ctiv ely. T he regres sio n equ ation(Q,- 0 6 8Q37＋71･9)i8
de丘n ed.
In o rde rto a n alyzeinte r a n n u alv ariatio n ofa n n u alm e an pr e cipitatio n a nd a
irte mperattl rein
the ba sin for the entir e obs e r v atio nperiod･ T he data se rie s are re c o n stru cted u singthe
equ atio n
belo w :
- 287 -
K=Q( -Ⅹ)/SI)T (I)
Whe r ea iB the n o r nali笈ed valu e, SI)T i8 Sta nda rd deviation, Ⅹ a nd xi8 the an n ua･1 m e a nofthe
e a chye a r a ndthe a v e r age ofthe e ntire obs e r v ation period data･ r e spe ctiv ely･
Fo r e v alll atingtheinte ran n ualv ariatio n a nd de cr e a s e Ofthe m e a n r un offofthe riv e r s, diffe re n ce
integral run offcu rv e s a ndintegral c u rveS of r u n off depth a r e c alc ulated, r e spe ctiv ely, with the
following equ a.tio n :
F(t) ≡ ∑[(Et-1) /Cv] (2)
Whe reF(t)i自thediffe r e n ceintegralr u n offclユrV e S Withtim e(t), Et ≡ Q/q;he r eQ a ndqis a n n ual
m e a n ru n ofFdata(n
3/s e e),andthe 8.V e r 8.ge Ofthe e ntir e obse rv atio nperiod a n n ual m e an ru n off;Cv
is c o e毘cie nl:oft,he v ariatio n.
G(t)= ∑H= ∑Q/A (3)
W =(∑Ho -∑h)☆A'10
‾6 (4)
We rea(i)isthe integralc u r v e s of ru n ofE depth withtim e(t);A is a r e a ofthe w ate r shed(km 2);H is
m e a n r u n off depth forthe studyperiod(n m); W istotal de cr e a s e valu e ofm e a n ru n off frthe sttldy
period(km 8);Ho is calc ulatedv al-1 e Ofthe m n off depth(m m)a氏e r19 69 by ap plyingthe e xte nd lin eof
r egr e ssio n eqll atio n oftheFig.5-7(b),which is con side red a sn early n atu ralcondition befo r e1969;h
i8the ru n ofF depth(m m)obs e rv edvalu e a氏e r1969.
R E StJ LT Sa 王止 DISCtJSSIO N
In o rde rto dis ce r n Whet.he rthe r eis s o m etre ndB in clim atic c o nditio n sin the ba sin
,
the
inte ran n ual v a riability a r e inv e stigated o v e rlo喝 -te r m period. Figu r e.2(a) and 2(b) Sho w s
inte r a n n t1alv a ria.七io n s ofthe n o r m aliz ed a n n u al m e a n airte mpe r atu r e¢O and pre cipitation(Ep)
forfotl r m et o rolgic alstatio n sin theba sin . The ap pa r e nt tr e nds a r e n otfo u nd in bothte mpe r atu re
andpre cipitaLtio ntim e 8 erie s, Withthe e x c eptio n ofa n n llam e a nthe pre cipitatio n at the B al kha 8
cityin1976.
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Fig .2(a) T he iTlte r8n rlu alv 8 ri&t io n ofn o r n 81i2:ed a n n u al m e a n air ye a r
te mper &tur8(K t)&t the B81k hsh city ,A h a - 8t8 ,Fa n且o v a nd Yin ng
皿 ete OrOlogic &lstatio nloc ated in the Balk hashlake ba sin
DifFe r e n c eintegral ru n offc u rv e sintheFig･ 3 sho w s r e 8Pe Ctiv elytheinte r an nll al flu ctu atio n s of
the a n n ualm e a n ru noffin the up pe r a nd lo w e r re a che s 0ftheIli- riv e rfro m19 11to 1990. Also, Fig･
4 sho w sthatofthe z o ne of run ofFfo - atio n of the Ea ratal, A ksu, Lepcy a nd Ayagu 2i riv e rsdu ring
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Fig .2(b)The interan n u alv ariatio n of n orm aliz ed anrl t181 m ea n
pr e cipitat io l(Kp) at the Balkh&sh city, Alm & - ate ,Zli- r aila nd Yin ng
t nete orologic81‡t8tio nlo c ated in the Balkh8Sh lake basin
ye a r
the entir e obs e rv atio npe riod･ Fig ur e･3 a nd･4illu strate sthatalo wno wperiod begin昏in 19 7 0in the
Ili･ riv e r a nd in 1973 in the e a striv e rs, r e 8Pe C七iv ely･ Tlle S elow 且o wperiod･8 a r e r e 8PO n Sible for the
v ariatio n ofthe total ru n ofEin the ba sin . In Fig. 3, w e c an 8 e etha七the r a nge ofthe de c r ea sein
an n ual ru n ofEofthe 3 7k m gagging Statio n,lo c ated lo w e r r e a ch ofthe Kapchagay re s e rvoirin the
lli- riv e r,iB a Sha rpe rtha n 171 Km orYa m ategaggi ng Statio n afte r19701
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Fig.3 D iffer e n ce integr alcur v es of t he an n u al m e an
ru n oqin the up per re a ch(a) 8nd mi d dle reach(b) of the
lli- riv e r丑･ om 1 9 1 to 1990.
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Fig .4 Diffe r e n c eintegr alc u r v e s ofthe a n ual m e a n
run off in the Lepcy ,Aks u , Ka rat81 a nd Ayagu 2: riv e r s
fr o m19 2 4to1986.
By c o mparing the av e rage ru n off befo r e1973 a nd 1970,respe ctiv ely, the de c re a s e ofthe
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a n n lla m e an ru n Off in the ka r atal, A kstl, Lepcy a nd Ayagu z riv e r sfo r fro m 1973to 1986are
r e spe ctiv ely20.2 m
8/ee c, 1.7 m 3/8 e C, 2･3 m 3/s ee a nd 6･O m
8/s e c･ As forya m ate gag ging stationin the
lh- riv e rfr o m1970to 19 0, thede c re a seofthe a n n u al m e a n r u n offis 59.7 m
3/s e c.
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F ig.5 Integr al ctlr V eS Of the m e arL r u n Oぼ depth in the
gr o ving s e a s o n(8) and n on - gr owing se as o n(b) &t the
YaE n8te gag ging statio nlo c ated in the up per r each of the
ll卜 riv er 丑･o m 1 91 1to 19 9 0.
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Fig.6 Integral c u rv es of t he m e a n r ur1 0Zfdepth 王n the
gro win g 8 e &S O m(a) a nd T10 n- gr owing s e a s on (b) at the 37
km gag ging statio nlo c ated lo w e r r e a ch ofthe kapchag8y
r e s er v oir in 1.he Tli- riv e rRo n1 9 1 1to 1 9 8 6.
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Fig･7 Integr alc urv e s of the tne 8 rl r u n off depth in the
gro wing s eas o n(a) a nd no n-gro wing s ea s o n(b) 8t the
Ushja r m agaging statio nlo c ated in the delta 0ft he 11i-
riv e r缶･om 1 9 48to19 86
.
In o rde rto dis c e rnthe effe ct of the de v elop m e nt of im gatio n in cluding the filling of the
l--290 -
恥pchagay re 8 e rv OiT･ a nd n atu ralv ariability･ the i
nteyal c u rv e s ofthe ru n ofE depth(∑E)is
c alc.1lated ba s ed o n Eq.(3). T his equ atio nis ap pued fo rboththe ru n ofEgrowing s e a s o n a nd o n
-
gr owing s e a s o n atya m ate 酢唱gn g Statio n, at the 37kn gag glng Statio n
in the lo w e r re a ch of
Kapchagay r e s e rv oir a ndat theUshja - agag ging stationloc ated inthedelta ofthelh
･ riv e r･ T he s e
re sults a r epr e s e nted in Figs ･5 - 7, r e spe ctiv ely･ It shoul d be r e m e mbe r ed that the integralc
llrVe$
o nr
_
u n ofE depth(∑H)ofthe s e6gu re s r epre se ntthe c ombin e effect ofn atu r alc o nditio n a nd hu m a n
activity, w hich a r e relatedto the v a riability of m e a n ru n ofEin the 3 se ctio n s Ofthe tlp pe r･ mi ddle
a ndlo w e r r e a che s oft,helli･ riv e r.
Before analysis the Fig･517, it shoul d be notedthat the obs e rv ed data S e rie s ofthe Ya m ate
fro m 1954to 19 0 is take ninto a cc o u nt in co n stru ctingthe relatio n ship betw e e n a n n u al m e a n
r
l
u n .fEattheYa m ate and(∑Q)su m ofa n n u alm e a n ru n offat the refe re n cegaggingfo rKa 8hQ, Tbke s
a nd Ku ne sriv e r 8in the uppe r re ach ofthelli･ riv e r. T his C O r relation c o efBcie nti80･97(signinc a nt
le v el 5%). T he r efo re,itis e vide nt that the m e a n ru n off nu chlatio n s atYa m ate m aybe co n side r edaLS
n e a rly n atu re c o nditio nalthoughthe re a r e so m e whatu nde rinflu e n c e s ofthehu m a n a ctivity･
Theintegralcu rv e 8 0f Fig. 5O'), Fig. 6(b)a nd Fig･ 7(b)sho wthat the distribution point ofthe
m e an ru n ofE depthof n o n･gro wingperiod is ap pr o xim ation to c o r re spo nds tO a Straightlin e･ Itis
als oTn ade cle a rthat the m ea n n ln Offofthe n o n･gr o wing s e a s o n at the3 s e ctio n of up pe r･ mi ddle
and lo w e r r e a che s oftheIli･ riv e rh s r e m ained virtu allyll n Cha nged before196 9o r afte rthat･
Theintegralc u rv e 8 0f Figs.6(a), 6(a)a nd7(a)repre se ntsthatthedistributio npoint ofthe m e a n
ru n off depth ofgro wi ng Period befor e1969 ap pro xim ately c o rr e sponds tO a 由 aight lme･ A fte r
1970,ho w e v e r,the s efigu r e s 8ho w that thepoint8 a re由･irlydeviated 血o mthelin e of befo r e1969a
nd
sho w s o m ed cr e a singtre nd. T hisfe atu r eis e spe cially ap pa r entin Fig･6(a)a nd 7(a).
The r e sults ofc o mputatio n ofru n offde cr e a se ofthelli･riv e rwith Eq･(4)a repr e s e nted in Table12･
Iti8 Cla rifiedthat thela rge stde cr e a s e ofr u n off du 血 g gro w lng Pe riod ha s 0 CC u rr ed inthe mi ddle
a nd lo w e r re a che s, re SPe Ctiv ely･ T hese a m o unt ing to 4 4 %, 45% of･the m e a nru n off befo r e
1 96 9
,
r e 8pe Ctiv ely･ Al80 the effe ct ofltl m a n a ctivityis r e spo n siblefo r58 %･ 60 %.
Ta ble.2 . Ru n .ぼdcc r e a8 e Of the rtln Off酢0wing 8e a 8 0 ni the 払
･riv e r(1970-1 986)O-
3/yr)
St,atio nn a n e Q △ WB % △ W8 △ We %
Ya m ate 9.4 1.9 20 ,1.9 0 0
37km 1 0.4 4_6 44 4.6 2.7 57.7
Ushja rTla 1 0.7 4.8 45 4.8 2.9 60.4
* Å w s w/A ;ru n off decr e鮎 e VdtLeOfe a血 ye a r tLnderthe co nbine 曲 ctofthe n&tu
.
alfactor s -aht - - & ctivity･
･
A We _ run｡6 decr ea8 e Valn e tnder the 血 n m &ctivilg,(ム We = ム W s - 1･9),Q- n e m n n off bebr e19 6 9
C O N C LtTSI O N
Ba sed on the re s ult畠 a nd dis c us sio n ofthis Study,following c o n clu sio n s w e r e obtain ed:
● An appa re ntin c r e aslng O rde c re a singtre nd is n ot fou nd in theinteran n ualv a riatio n s of
a n nu al m e a n air te mpe r atu re a nd pre cipitatio n o v e rlo ng
･te rln Pe riod in the Lake
Balkha 8h.
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● T hediGe re n c einteg氾1 ru n ofEc u rv e s 0f Fig･3 a nd ･4dete rmin e r e spe ctiv elythat thelow
且o w period begin 8in1970 in thelli
- riv e r a nd in 1973 in the e a ste r nriv e r･ Ac co rdingto
hydro m etric s erie s, thede c r e a 畠e Ofan n u al m e a n ru n off fro m 1973to1986ofthe Ea ratal,
A kstl, Lepcy a -1d Ayagu z riv e r sa r e20･2 m
8/s e e
,
1･7 m3/s e c･ 2･3 m3/8 e C a nd 5･O m 3/s ee
respect主v ely･ Itis59･7 m
3/s e e at theYa m atein thelli- riv e rfro m 1970to 1990･
● Iti白 m a.de cle a rtha七theintegralcll r V e S O ndepth of ru n off(∑H)r epr e se nt the co mbine
eEe ctofn atu r alc o ndltion a nd lu m a n a ctivity ,which a re relatedtobe ru n ofEv ariatio no n
the3 se ctio n s Ofthe up pe r, middle a nd lo w e r r e a che s Ofthelli- riv e r. T hela rge stde c re ase
ofthelli- riv e rhas O C C n rr ed in the mi ddle a nd lo w e r re a che s, r e spe ctiv elyin Figs .6･7(a).
The se a m ollnting to 44 %, 45 % of m e a n r u n offof the gro w ing S e a s o nbefore
1969,r e spe ctiv ely. Als othe effe ct of hl m a n a ctivityfa cto r si8 re spo n sible fo r68 %, 60 %,
re spe etiv ely.
● T his stlldyha sqtl a ntitativ ely m ade cle a rthat the main r e a s o n ofthe ap pa r e ntde cr e a s e of
thelli- riv e risde riv ed.&o mthehu m a n a ctivity.
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